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Abstract 
Stability of hierarchical micro- and nanostructured platinum electrodes for non-enzymatic glucose sensors were investigated 
taking into account the two major aspects of stability. The first aspect, the loss of sensitivity due to poisoning by reaction 
products was significantly minimized by using a potential-step protocol during chronoamperometric and electrochemical 
impedance spectroscopy measurement, which led to a significant increase in sensor stability. In the second part the modification
of the electrode surface during potential cycling operation due to rearrangement of the metal nano structures was investigated. It 
was shown that for the structured platinum layer a change in morphology together with a decrease of the roughness factor Rf can
be observed. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
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1. Introduction 
In recent years the research on non-enzymatic glucose sensors gained a lot of interest, especially for long-time 
applications. Typical disadvantages of enzyme-based biosensors like the need for certain environmental conditions 
and the limited sensor lifetime due to degradation of the enzyme are promised to be overcome. In prior works, our 
group showed that the use of a hierarchical micro- and nanostructure for a platinum based sensor improved 
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sensitivity and selectivity for the detection of glucose [1]. The hierarchical structures were produced using a novel 
two-step process and result in high roughness factors of up to 6000 for the as-fabricated sensors [2]. It was shown, 
that the high roughness of the nanostructured sensors leads to a nano-specific electrochemical behavior in 
comparison to planar platinum electrodes [3]. In this work we investigate two different aspects of the stability of 
such hierarchical platinum electrodes: the loss of stability due to poisoning of the electrode and due to degrading of 
the hierarchical structure. 
2. Loss of stability due to electrode poisoning 
The first part of our research covers the loss in sensitivity due to electrode poisoning. The decrease of sensitivity 
over time is caused by adsorption of reaction products and interfering substances. In this work we describe a way to 
improve the long-term stability of the used sensor by utilizing a potential-step protocol measurement of glucose. The 
protocol continuously reactivates the electrode surface during glucose measurement by removing and subsequently 
renewing the platinum oxide layer and thus, provides a fresh electrode surface for the next measurement. 
2.1. Amperometric Analysis 
The amperometric measurements were performed using 0.1 M phosphate buffered saline with a glucose 
concentration of 5 mM. For the constant potential measurement a potential of 0.45 V vs. Ag/AgCl (1.09 V vs. RHE) 
was used, as prior works of our group have shown that this potential delivers the best results in terms of sensitivity 
for non-enzymatic glucose measurement with our hierarchical micro- and nanostructure [4]. The potential step 
protocol was applied as shown in Fig. 1 (left). While the potential Emeas is applied the glucose is detected but the 
electrode also gets poisoned over time. By applying a reduction potential Ered the platinum oxide and the absorbed 
species on the surface of the micro- and nanostructured platinum is removed. Subsequently the platinum oxide layer 
is renewed by using the oxidizing potential Eox so that the electrode is prepared for the next measurement step. 
 Fig. 1 (right) shows the stability of the amperometric glucose detection with the steady-state potential in 
comparison to the chrono-amperometric protocol over a time period of 12 h. While for the constant potential the 
signal strength is constantly declining over time, the chrono-amperometric protocol shows a relatively constant 
signal with only a small decay after around 6 h of measurement. From these results it can be concluded that the 
removal and subsequently renewal of the platinum oxide layer successfully prevents the electrode from poisoning. 
Fig. 1: Left: Schematic of the chrono-amperometric potential step protocol. Right: Significant stability improvement by the chrono-amperometric 
protocol with electrode renewal steps in comparison to steady-state amperometry signals for 5 mM glucose in 0.1 M phosphate buffered saline. 
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2.2. Impedance Analysis 
To enhance the selectivity of the glucose measurement to interferents like ascorbic acid or uric acid 
electrochemical impedance spectroscopy (EIS) can be used as previously published results of our group have 
shown [4]. For the following experiments the same DC potential as for the amperometric measurements were 
chosen (450 mV), while the frequency was varied between 10 mHz to 1 kHz with an AC voltage amplitude of 
10 mV. As shown in the Nyquist plots in Fig. 2 (left) for hierarchical micro-/nanostructured platinum electrodes 
different glucose concentrations show different impedance behavior. Each Nyquist plot forms a section of a 
semicircle with a diameter equal to the charge transfer resistance Rct. Therefore with an increase in glucose 
concentration a decrease in Rct can be observed. 
For a detailed analysis of the impedance data for the long time stability test, equivalent circuit fitting was used to 
extract the values for Rct. A Randles circuit as shown in the inset of Fig. 2 (right) was used with a constant phase 
element (CPE) representing the double layer capacity. The stability tests were performed in 0.1 M phosphate 
buffered saline with a glucose concentration of 5 mM with the same potential step protocol as used for the 
amperometric measurements. Fig. 2 (right) shows the inverse of the charge transfer resistance measured over a time 
period of 12 h. Similar to the results of the amperometric measurements a significant improve in stability for the 
potential step protocol is observed in comparison to the measurement with a constant DC potential. It can be 
concluded that the introduction of this potential step protocol enhances the long term stability of hierarchical   
micro-/nanostructured platinum electrodes for amperoemtric and EIS measurements. 
Fig. 2: Left: Nyquist plot for different glucose concentrations in 0.1 M phosphate buffered saline (PBS) at a potential of 0.45 V vs. Ag/AgCl. The 
used frequency range is 10 mHz – 1 kHz with an amplitude of 10 mV at a DC voltage of 450 mV. Right: Significant stability improvement by the 
potential step protocol with electrode renewal steps in comparison to EIS signals with constant DC potential for 5 mM glucose in 0.1 M 
phosphate buffered saline. 
3. Loss of stability due to degrading of the hierarchical structure 
The second part of this work was focused on the loss in stability by degradation of the hierarchical structures due 
to dissolution or flattening of the metal. Extensive potential cycling was used to model the degradation process of a 
typical application scenario. Therefore 10,000 cycles were conducted in nitrogen flushed 0.5 M H2SO4 with a scan 
rate of 100 mV/s. It was found by electrochemical characterization and observation of the morphology, using 
scanning electron microscopy, that instead of dissolution of the electrode material a change in morphology occurs 
(Fig. 3 Top). The obtained structure has significantly lower roughness along with disappearance of the smaller 
nanostructure, but higher degree of order. Fig. 3 (bottom) shows that with this change in morphology a decrease in 
current density can be observed in the cyclic voltammogram which leads to a loss of ca. 76 % for the roughness 
factor Rf. 
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Fig. 3: Top Left: SEM picture of the hierarchical micro-/nanostructured platinum electrode after deposition. Top Right: SEM picture of the same 
electrode after 10000 cycles of cyclo voltammetry. Bottom: CV of a hierarchical platinum nanowire electrode before (black) and after 
10000 cycles (blue). The CVs were recorded in nitrogen flushed 0.5 M H2SO4 with a scan rate of 100 mV/s. Please note the different y-axes. 
4. Conclusion 
Our results show that the long term stability of hierarchical micro-/nanostructured platinum electrodes for the use 
in glucose sensing applications can be significantly improved by utilizing of a potential step protocol. This is true 
for amperometric measurements as well as for electrochemical impedance spectroscopy. However the extensive 
potential cycling in this protocol leads to a decrease in roughness of the hierarchical platinum structures as indicated 
by our investigation that over a large amount of CV cycles a change in morphology in correlation with a decrease of 
surface roughness can be observed. 
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